The disease is, as well, a great handicap to the further development and extension of agriculture in that region. The prevailing system of labor in the Delta is that of the negro tenant farmer, and it is among this class that the disease is highly prevalent, causing losses i Resigned May 15, 1022. The writer wishes to acknowledge his indebtedness to George S. Yerger, owner of Hecla plantation, for his interest and cooperation in tiie work 2 BULLETIN 1098, U. S. DEPARTMENT OE AGRICULTURE. in time and in reduced efficiency of the plantation hands during the season of the year when the crops are most in need of attention. The bayous or streams of the region are an important source of the Anopheles mosquitoes which convey malaria, and since the higher ridges offered by the bayou banks are the logical locations for the plantation roadways, the homes of the tenants are located along these banks. While control of the breeding of Anopheles in a bayou is but one factor in the ultimate control of the malaria mosquitoes in the Delta, it is an important factor, for these bayous offer a near-by source of Anopheles in locations on the plantations which are otherwise favorable in respect to distance from breeding areas of these mosquitoes.
Since the general topography of the Delta and the slight fall in the bed of the bayous do not permit drainage, the common practice in disposal of surplus surface water, it became necessary to devise some method of control, practical from the standpoint of plantation management, to prevent breeding of Anopheles in bayous. The Bureau of Entomology has demonstrated that the breeding of Anopheles mosquitoes can be controlled in a bayou by clearing the vegetation and impounding the water. The work was located on Hecla plantation at Mound, Madison Parish, northeastern Louisiana. This bulletin deals with the natural conditions of the bayou before the work was done and with the changed conditions brought about by the work, especially with reference to the breeding of mosquitoes.
It also discusses the impounding of water in a bayou from the standpoint of plantation economy.
TOPOGRAPHY AND FORMATION OF THE REGION.
To gain an idea of the relation of the streams of this region to the surrounding topography; it is necessary to discuss in a very general manner the formation of the region. The soil is an alluvial deposit of considerable depth and the formation is characteristic of delta accumulations. There is a slight fall in the general direction of the main stream, the Mississippi River. This river in times past has followed an irregular, winding course through the Delta of its lower valley, often forming new channels. The old channels are marked by the ridges which are peculiar to the region. The bayous, or streams, of the region are in reality old spillwa3 T s of the river when at flood, formed before the days of the protective levee system by the tendency of the river at stages of high water to break through its built-up banks and form new channels for the surplus water. Before the levees were built, the river and these bayous overflowed their banks at regular seasonal intervals. The heavier particles carried by the water in suspension were deposited first and in larger quantity.
The finer particles were deposited in smaller amounts as one IMPOUNDING WATER TO CONTROL BREEDING OF MOSQUITOES.
3 proceeds from the banks of these streams to either side. The deposits from these overflows account for the ridges along the bayous and the ancient channels of the river. There is, therefore, a gradual fall from these ridges to the lands that lie on either side. These lower lands are extensive swamp areas in the basins of which are found permanent swamp " lakes " which are extremely shallow. The banks of the bayous are formed with a steep declivity toward their channels in contrast to the gradual slope toward the swamp areas that lie parallel to them. The region is further characterized by narrow, crescent-shaped lakes within well-defined banks of the old beds of the river, known as " ox-bows " or " cut-offs, " formed where the action of the river has cut a new channel through the neck of one of its many horseshoe bends. The ends of these " cut-off " lakes are usually shallow, showing marshlike conditions, but the main body of water is open and comparatively deep. The bayous are not connected with these lakes except during periods of high water.
The swamp lakes tend to drain into the ba} r ous at points lower down in the courses of these streams.
FAVORABLE CONDITIONS FOR MOSQUITO DEVELOPMENT.
The swamp areas and the channels of the bayous are attended by a rank growth of vegetation consequent upon the fertile nature of the alluvial deposit and the prevalent moisture which, with the resulting sediment and vegetable debris, promotes an ideal environment for the development of certain species of mosquitoes under favorable climatic conditions. The situation becomes increasingly emphasized by reason of the imperfect drainage due to the slight fall of the land. Among the mosquitoes, Anopheles are found to thrive, and the disease which they convey is prevalent among the inhabitants of the region.
LOCATION OF CULTIVATED LANDS, ROADWAYS, AND DWELLINGS.
In the Delta the timbered lands are practically synonymous with the swamp areas. The open lands, or lands under cultivation, are confined to comparatively narrow strips along the ridges that form the banks of the river, the bayous, and the old courses of these streams.
These lands are known as the " front " lands and from the nature of their deposits are sandy in character. The lands lying toward the swamp areas are known as the " back " lands and are a heavy clay, impervious to water, called " buckshot."
The roadways of the region follow the higher lands and, wherever practical, are carried along the bayou banks. The open land is cultivated under the negro tenant system, each tenant living upon the land assigned to him for cultivation. It is therefore logical to find the homes of the tenants on a roadway along the bayou where one of these streams bounds or sections a property. The houses thus located are in the higher and more open portions of the plantation and usually at maximum distance from the timbered and swamp areas on either side. It is evident that such location of the habitations is favorable in respect to distance from the breeding areas of Anopheles mosquitoes, with the exception of those mosquitoes that originate in the bayou itself.
PROBLEM OF ANOPHELES CONTROL IN THE REGION.
Of course complete drainage of surface water is the logical method of Anopheles control where that method applies, but in the absence of a drainage outlet, and in the presence of surface water favorable for Anopheles breeding throughout the season, other means must be given local consideration. In any consideration of drainage in the Delta it is necessary to note that the streams of this region flow away from the river, that the slope of the land is from the bayou bank toward the swamp areas on either side, and that the fall in the bed of the bayou averages less than a foot to the mile. Under these conditions the question of drainage involves an extensive area; it is not a matter which the plantation owners can consider individually.
The idea of impounding water to suppress mosquito breeding is rather foreign to the general conception of the effect of impounded water upon mosquito production. The relation which impounded water will bear to mosquito production depends altogether upon the conditions under which the work is done and the changes brought about in comparison to the natural conditions. In the question of impounding water in a bayou we must consider the natural character of such a stream and the relation of the stream to the roadways of the plantation and the habitations of the people who cultivate the land.
The bayou bank is the logical location for the houses of the tenants and it is important to control the breeding of Anopheles in this nearby source. The bayou under natural conditions favors mosquito production but under impounded conditions does not. The change in conditions is brought about by the preliminary clearing and by the provision for a permanent water level sufficiently high to suppress the growth of aquatic vegetation. Following these operations, the maintenance of a clean margin is all important.
BAYOU WALNUT AND THE ANOPHELES SURVEY.
The work of the Bureau of Entomology was done in a section of Bayou Walnut which quarters the southwest portion of Heela plan- IMPOUNDING WATER TO CONTROL BREEDING OF MOSQUITOES. point of origin of the bayou to its junction with Roundaway, the distance in an air line is only 7-J-miles. The bayou, however, travels a distance of over 31 miles. The section of Bayou Walnut in its course through Hecla plantation is shown in Figure 1 . The average fall of the bayou in this section is 0.6 foot to the mile. During 1914 it was observed that under natural conditions there was practically no breeding of Anopheles in certain restricted sections of the bayou where open water occurred, where the bed was free of vegetation, and where the margins were clean. On the other hand, breeding was found in those portions of the bayou where the margins were grass-grown or supported a growth of overhanging trees and vines; where the water surface was covered with the resulting vegetable debris or floatage; where the water was shallow enough to support the growth of aquatic vegetation in the bed of the stream ; where the channel was blocked by trees, logs, stumps, and brush : or where the bed was partially dry, permitting the summer rains to maintain isolated pools in natural depressions, in hoofprints of animals, and in mud cracks. A comparison of these conditions in the natural bayou is shown in Plates I and II and Plate III, Figures These records indicate general breeding of Anopheles throughout the course of the stream under natural conditions. Anopheles quadrimaculatus Say is the common species taken, and Anopheles punctipennis Say is second in numbers. It is noted that one collection of Anopheles crucians Wied. was made. The undetermined collections represent the Anopheles larva? which were collected but which were not reared to the adult stage.
For convenience of the survey, the section of the bayou to be cleared of all vegetation was divided into stations 100 yards in length.
The distance covered in the experiment was 1,600 yards, nearly a mile. The plants collected from this section, before clearing, during July and August, 1915, are shown in Table 2 . The plants listed in Table 2 are distributed according to their location and the depth of water in the bayou in Table 3 Plate IV. IMPOUNDING WATER TO CONTROL BREEDING OF MOSQUITOES. Table   4 .
It is seen that Gambusia affinis is the prevalent species. A point of special interest in connection with the natural conditions of the bayou is the fact that Gambusia is found in connection with general breeding of Anopheles. The breeding of these mosquitoes in the presence of comparatively large numbers of this minnow is accounted for by the protection afforded the mosquito larvae by the aquatic and marginal vegetation and the vegetable debris upon the surface of the water. Further, the partially dry condition of the bayou at certain seasons provides isolated pools and water in hoofprints of animals and in mud cracks from rains, to which the fish do not have access.
A complete list of the fishes collected in this region, not including the impounded area in Bayou Walnut and the Mississippi River, is shown in Table 5 . -List of fishes taken in 3S collections from .seasonal and permanent waters (exclusive of Mississippi River) in the vicinity of Mound, La., 1916 La., -1917 A comparison between the numbers of Gambusia in the natural bayou and in all other classes of water shows an average of 25 specimens for each collection in the bayou and an average of 63 per collection for all other places. These figures indicate that these little fish are very abundant and very generally distributed in the region.
The larger average per collection for all classes of water, as compared with the natural bayou, is explained by the fact that certain collections were made at the season of low stages of water which found these fish highly concentrated in some locations.
CLEARING THE BAYOU.
The clearing of the bayou was done during August, 1915. It was accomplished then for the reasons that the water in the stream was at its lowest level and that the plantation had finished its cultivation of the crops but had not as yet begun to harvest. This plan gave minimum water conditions and a supply of labor for the work without interference with the plantation operations. The smaller under-BULLETIN 1098, U. S. DEPARTMENT OE AGRICULTUBE. growth was removed first, piled along the banks, and burned when sufficiently dry. The trees, logs, and stumps were then removed and placed upon the banks in suitable lengths for hauling away for use as firewood. In many instances the roots of the larger trees and old snags could not be removed without an amount of effort which would have added greatly to the cost of the work. These were sawed off even with the bed of the bayou and allowed to remain. They might have been removed rather cheaply by the use of dynamite, had the facilities for that work been available. The photographs represented by Plate III, Figure 3 
CONSTRUCTION OF THE DAM.
In making the fill, or cross levee, for the dam, advantage was taken of a shallow point in the bed of the bayou used as a lowwater crossing by the tenants. The banks at this point were favorable-that is, high enough on either side to allow the water to be raised to the required level. The required height of water was gained by running levels along the banks above the site of the dam.
The dam was constructed to give a depth of 4 feet 10 inches at the floor of the spillway. When one recalls that the fall in the bed of the bayou in this section averages only 0.6 foot to the mile, it is seen that the level at the dam was carried back over the course of the stream for a considerable distance with only a slight variation in depth. The impounding was effective for depth about J mile above the zone included in the survey, with the exception of a ridge which crosses the bed of the bayou just above the last station.
The details of the fill and spillway for the dam are shown in Figure 2 and in Plate VI, Figures 1 and 2. The completed dam, with bridge over the spillway, providing a roadway to the section of the plantation lying on the opposite side of the bayou, is shown in Plate VI, Figure 3 . The labor and material involved in clearing the bayou and in the construction of the fill and spillway for the dam, are shown in Table 6 . The bill of lumber for the spillway is shown in Figure 2 . A comparison of the cleared bayou, before the water backed up over the bed, with the natural conditions that have already been shown, may be made from the illustrations in Plate VII and Plate VIII, Figure 1 . These views were taken after the undergrowth had been burned and the wood from the trees and logs had been hauled away. Later in the year, at the onset of the winter rains, the water began backing over the bed above the dam. This condition is shown in Plate VIII, Figure 2 . It is noted that quite an amount of debris was floated to the surface. As the water level was raised, this floating material collected along the margins, and this was cleaned out with rakes and burned. The appearance of the bayou later in the season, when filled with water, is shown in Plate VIII, Figure 3 , and Plate IX, Figure 1 .
The only maintenance work, in so far as vegetation is concerned, was the clearing of the " floatage " along the banks following the first rise of water and cutting back a comparatively small amount of second growth, niostty grass (Zizaniopshs miliacea) and willow shoots that found their way to the surface of the water the following spring. These shoots were removed by the use of a boat and a curved knife on a long handle. Maintenance work has been required on the dam by reason of the work of crawfish, Canibarus sp., about the spillway, and this difficulty, as well as the effect of the work of the crawfish on the water level above the dam, and in turn the effect of the change in water level on the marginal vegetation, will be discussed later.
SURVEY OF ANOPHELES BREEDING AFTER IMPOUNDING.
A comparison of the Anopheles breeding in the impounded area and in the natural bayou is shown by the collections in the general survey work for the years 1916 and 1917. The records for these collections are listed in Table 7 . It is seen that the collections are confined to the sections of the bayou below the dam and to the backwater above the impounded zone.
No specimens were taken in the collections in the impounded area proper. The section of the bayou above the impounded area was clear for a distance of about \ mile and the backwater gave favorable conditions for nonbreeding in this distance with the exception of a limited area just above the last station where a ridge crosses the bed of the bayou and where the aquatic grass (Zizaniopsis miliacea) persisted, as shown in Plate IX, Figure 2 . The maximum depth where this grass survived was about 1 foot. Below this point to the dam, a distance of nearly a mile, an average depth of 3J feet was maintained which was sufficient to suppress this grass as well as all other vegetation in the channel. Another location of Anopheles breeding found above the impounded zone was some distance above the growth of grass mentioned, among willows and other vegetation characteristic of natural bayou conditions. This location is shown in Plate IX, Figure 3 .
FISHES IN THE IMPOUNDED AREA.
A survey of the fishes in the impounded area in Bayou Walnut, the results of which are given in The more valuable of these for food are the crappie or " whiteperch" {Pomoxis annularis), the calico bass {Pomoxis sparoides), the large-mouth black-bass or "trout " {Micropterus salmoides), and the warmouth bass or "goggle-eye" {Chaenobryttus gulosus). These game fishes are largely predacious and of course take their toll from the Gambusia, but this feeding of these larger fishes upon the little top minnows must not be viewed so much in the light of the reduction of the mosquito-eating minnows as from the standpoint that the patrol work which they do serves to keep the little fishes in the shallow water along the margins. In the open water of the impounded area there is no mosquito breeding and since the salvation of the little fishes depends upon their remaining along the margin to escape the larger fishes, the value of the larger fishes as IMPOUNDING WATEB TO CONTROL BREEDING OF MOSQUITOES. 17 In the comparison of the numbers of the top minnows found per collection in the natural bayou and in all other classes of surface water it was seen that for all classes of water there was an average of 63 Gambusia per collection and for the natural bayou 25 specimens per collection. From the figures in Table 8 we find an average of 14 specimens of Gambusia for the 12 collections made in the impounded water. Just as the comparison of the numbers of these fish in the natural bayou and in all other classes of water is influenced by the fact that some of the collections in the latter case were made in locations where the fishes were highly concentrated, so in the impounded water, as compared with the natural bayou, we must consider the effect of great dilution in the former. It is sufficient for the practical results of the work to note that the Gambusia survived in important numbers the effects of the impounding, and that the presence of the game fishes in the area serves the purpose of keeping the top minnows along the margins where they are useful in the marginal control of mosquito breeding.
FACTORS PREVENTING MOSQUITO BREEDING IN THE IMPOUNDED
WATER.
The nonbreeding of Anopheles in the impounded water is due to a number of factors which have not as yet been definitely measured.
In general, as has been stated, the important difference between the impounded section of the bayou and the natural bayou is just the difference between lakelike conditions which do not favor the development of Anopheles and swamplike conditions which do favor such development. The factors which are considered to operate against mosquito development are the greater freedom for action on the part of the predators, the fish and the aquatic insects; wave action: depth, which influences temperature of the water: absence 110446°-22 2 18 BULLETIN 1098, U. S. DEPARTMENT OF AGRICULTURE. of the vegetable shelter, which operates against the concentration of adults along the bayou and consequent oviposition; and depletion of the larval food of Anopheles furnished by the decaying vegetation and the low forms of aquatic life, both plant and animal, common to the swamplike conditions of the natural bayou.
LEAKAGES CAUSED BY CRAWFISH AND MEANS OF PREVENTING THEM.
The work of maintenance at the dam due to the action of crawfish about the boxing of the spillway has been mentioned. The crawfish burrowed through the fill below the level of the water above the dam to the lower side of the fill. The action of the water through these openings in carrying away the dirt caused serious leakage, which resulted in a decidedly lower level of water above the dam. In several instances the level of the bayou was lowered materially before proper repairs in the dam were made. This damage was not serious the first year following the completion of the dam, but during the following years, up to 1920, considerable expense was involved in preventing the leakage in the dam due to the work of the crawfish. In 1920, a double course of sheet piling with overlapping joints was driven below the fill, leaving an opening for the spillway, the boxing of which was carried through and over the sheet piling. This served to prevent the crawfish from working to the outside, below the fill, and to hold the water above the dam at a permanent level.
An important biological observation was made in connection with
the variable water level caused by the leakage in the dam due to the crawfish. It was found that when the water was lowered, after remaining at one level for a period, the water found a clean edge free from debris and grass and, further, that the drying out above the new level served to destroy the aquatic and semiaquatic vegetation that had gained a foothold. Then when the leakage had been repaired and the water level raised to its original height, it rested against comparatively clean margins. The growth of marginal vegetation was thus discouraged by this variable water level, and this explains the lack of any maintenance work on control of marginal vegetation in the impounded area. Thus, the,expense in the maintenance work on the dam was offset in part by the saving in the work on the margins.
The experience with the crawfish suggests two improvements to be considered in any further work on impounding water in a bayou in this region. The first is the prevention of injury to the fill in the dam on the part of crawfish. This can be accomplished by a core wall extending below and to each side of the spillway box in the center of the fill. The second is provision for controlling the water level above the dam. The object of this is to make use of the effect IMPOUNDING WATER TO CONTROL BREEDING OF MOSQUITOES. 19 of a variable water level on marginal vegetation and marginal breeding. This is obtained by a change in the water level from time to time. This can be accomplished by a sluiceway through the fill below the level of the floor of the spillway. The flow of water through the sluiceway can be controlled by a gate. If the sluiceway is placed at the level of the bed of the bayou, in the center of the fill, it will act efficiently in lowering or raising the water level above the dam. and. also, the current of water through the sluiceway at this point will flush out and carry away the mud and sediment that tend to accumulate in the bed immediately back of the fill.
ADVANTAGES OF IMPOUNDING, APART FROM PREVENTION OF ANOPHELES BREEDING.
A special advantage to the plantation, apart from the control of Anopheles breeding in the bayou, is the fact that the impounded water gives an ample supply of good water for the live stock throughout the dry summer season. The land lying between the roadway and the bed of the bayou ,is ordinarily used for pasture purposes by the tenants living along the stream. Except in some instances where clearing has been done in a comparatively wide strip of land found between the road and the channel of the bayou, the pasture along the stream is limited in extent and the grasses are crowded out by weeds, bushes, trees, and vines. During the seasons of dry weather the water in the natural bayou is shallow and stagnant. The supply is often difficult of access by reason of the tangle of overhanging and aquatic vegetation. The animals often become bogged in seeking the water, and the more shallow and isolated pools are converted into wallows, particularly where hogs are pastured along the bayou side.
The situation under these conditions is unsightly and insanitary and the supply of water is limited in amount and of the poorest quality. With the limited pasturage the animals do not thrive, and often die. The pasture for the plantation stock-that not owned by the tenants-is the wet land lying between the cultivated areas and the timber and swamp. These pasture lands extend into the timber and the live stock depend upon the swamps and the shallow lakes in the basins of same for water. In any prolonged dry season this supply becomes greatly restricted and as objectionable in quality as that in the bayou. When this situation becomes acute it is necessary for the plantation to drive wells throughout the pasture areas and pump water. This adds greatly to the expense of taking care of the stock. On Hecla plantation, following the clearing of the section in Bayou Walnut and impounding the water, the management not only extended the fencing to include the entire impounded area, but also arranged the fencing of the pastures in one section of the plantation so that by a system of gates the live stock 20 BTLLETIX 1096, U. S. DEPARTMENT OF AGRICULTURE.
from the regular pastures could visit the impounded water. The impounding was effective for depth, in so far as an abundant and good water supply is concerned, for a distance of nearly 2 miles and thus furnished water for all of the stock of the tenants living along the stream and for the larger portion of the plantation live stock during the dry seasons as well. The clearing served to increase the amount of available pasture, particularly of value to the tenants for their cows and work animals, and the feeding of these animals along the impounded water aided in the suppression of the marginal vegetation.
The management of the plantation has stated that the advantage of a permanent supply of good water for the live stock would alone justify the expense of the clearing and the impounding project. The owners of Hecla plantation are also operating a lumber mill at Mound. Before impounding the water in Bayou Walnut, the source of water for the boilers at the mill was a driven well. This water proved undesirable for boiler purposes by reason of the salts which were precipitated in the generation of steam. This caused some expense and considerable loss in time at the mill. A pipe line was laid from the bayou to the mill and the impounded water pumped to same for boiler purposes. The management of the mill has stated that the saving in the mill expenses would more than justify an annual expense equal to the cost of the project. In fact, the mill management contributed very largely the funds for maintenance at the dam made necessary by the injury from the crawfish.
A further advantage is gained in that the impounded water offers a source of fish for food. The bass, or " trout." and the crappie. or •• white perch." are now present in some numbers. The i; buffalo n (Ictiohv.'S cyprinelJa) has been caught occasionally and will no doubt increase in numbers, and the sunfish {Lepomis spp.). or "bream." are common. The tenants are able to do a considerable amount of line fishing and every catch adds to the supply for their tables, furnishing a valuable food and a saving in meat.
An advantage not to be overlooked is the great improvement in the property which adds to its value. The further value of the impounded area of the bayou as a place of recreation for the tenants is a very practical point in plantation economy which should be given consideration.
SUMMARY.
The bayous, or streams, of the Delta region flow away from the river, their banks are higher than the surrounding lands, and the fall in their beds is very slight. The shallowness of water in these streams, with prevalent aquatic and overhanging vegetation, favors the development of Anopheles mosquitoes. The peculiar relation IMPOUNDING WATER TO CONTROL BREEDING OF MOSQUITOES. 21 of these streams to the surrounding topography does not permit drainage. In the absence of a drainage outlet, the Bureau of Entomology conceived the idea of clearing a section of one of the bayous and impounding the water to note the effect of a change from the swamplike conditions of the natural bayou to the lakelike conditions of the impounded area, on the capacity of the bayou for Anopheles production.
It is important to control breeding of Anopheles in bayous for the reason that these streams offer a near-by source of mosquitoes, since the houses on a plantation in the Delta are located on the roadways along the bayou banks, where one of these streams sections or bounds a property.
A section of Bayou Walnut at Mound, La., was cleared of all vegetation and the water in this area impounded by means of a cross-levee, or fill, and spillway. This served to keep the water over the bed of the stream above the dam at a sufficient height to suppress the further growth of vegetation.
It was found by comparative studies that this clearing and impounding was effective in preventing the breeding of Anopheles in the bayou where formerly such breeding was common.
Cooperative work on the part of the United States Bureau of Fisheries demonstrated that the mosquito-eating top minnow ( Gavibusia affinis) is generally distributed in the region, but that under natural delta conditions this minnow is found coincident with prevalent breeding of Anopheles. It was also demonstrated that this minnow has established itself in important numbers along the margins of the impounded area. One of the important factors in the natural control found to exist in the impounded water is believed to be the greater freedom for action which the condition of an open surface of water gives to these fish and to aquatic predacious insects. The fish are noneffective in control under natural conditions by reason of the protection afforded the mosquito larvae by the aquatic and marginal vegetation and the vegetable debris upon the surface of the water. Other factors in the natural control in the impounded zone are considered to be wave action, influence of a greater depth on breeding, absence of shelter for adults along the course and consequent reduction of oviposition, and the depletion of the food of Anopheles larva?.
The important points to be considered in impounding water in a bayou for mosquito control are the preliminary clearing of all vegetation, the provision for a permanent level of water sufficiently high to suppress the further growth of aquatic and semiaquatic vegetation, and the maintenance of a clean margin.
A further point in the construction of the dam is provision to prevent the work of crawfish, which, otherwise, work through the fill and cause serious leakage. The water level in the project under (lis-cussion varied greatly at times, due to failure to make such provision. However, from this variable level which occurred, the experience was gained that such fluctuation in level operated as an aid in the control of the marginal vegetation which otherwise would have gained a foothold and would have required an expenditure for the maintenance of clean margins. The suggestions are made that the crawfish injury can be prevented by a core wall through the center of the fill to either side and below the box of the spillway in the dam, and that a variable water level can be secured by a sluiceway, with control gate, through the fill and core wall.
Advantages to the plantation from the impounding work, apart from the control of Anopheles breeding, are a permanent supply of good water for live stock during the dry season ; an extension of the land available for pasture; the deeper and more extensive water of the impounded area, which offers a favorable place for game fish and thus furnishes a source of food ; and the lake-like body of water which offers recreation to the plantation people and adds to the attractiveness and value of the property. 
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